GUEST EDITORIAL
Today's youth will inherit a world made hazar dous by greenhouse gases. As a general rule, those chiefly responsible for emitting these gases will be spared the full brunt of their effects. Age has become a clear fault line of this phenomenon: while today's adults will experience some impacts of these emissions, adolescents and future generations will face their full force in time.
The voices of young people are seldom included in discourses around health policy. Recently, however, adolescents have begun to assert their position within the 'climate crisis' . [1] Initiatives like staging a school strike every Friday (#ClimateStrike), forming 'Extinction Rebellion' protests and blocking public sites like the London Tower Bridge have generated considerable momentum. [2] In several countries, adolescents are also employing litigation as a means of holding their governments and the private sector to account, a strategy that may have some merit in South Africa (SA) (see box 'Youthled litigation against the South African government and private sector: A turning point for securing the future health of children?'). [3] Not all adolescents are equally empowered to take up these challenges, however. There are major gaps in knowledge about climate change among adolescents in many low-and middle-income countries, including SA, [4, 5] and climate activism is nascent in these settings. [6] In SA there are around 10 million adolescents (10 -19 years) , who make up about 20% of the country's population. [7] They already face a gamut of challenges, ranging from HIV infection, sexual and physical violence, teenage pregnancy and substance use to poverty, inequality and gangsterism. Additionally, many schools are unsafe, with overcrowded classrooms and high levels of environmental toxins, and educational outcomes are poor. [8, 9] Overall, the effects of climate change on adolescents, and the effects of heat exposure in particular, are underappreciated. In this commentary we present evidence of how adolescents are already being affected by climate change and how these effects will deepen in the near future ( Fig. 1 ). Many health practitioners have little insight into the impacts of heat on outcomes such as comfort while at school and cognition more generally, [10] education attainment and violence. Even if aware of these issues, they are likely to regard them as being outside the remit of the health sector. Equally, the education sector may not see these matters as health related. We aim to demonstrate the centrality of the health sector to countering climate change impacts on adolescents in SA.
Impacts of climate change on adolescents' health
Changes in climate affect children and adolescents in unique ways, given their dynamic biological, psychosocial and cogni tive development. [11] Adolescents and adults have similar physiological thermoregulatory mechanisms, [12] but adoles cents may lag in behavioural thermoregulation, for example owing to inadequate fluid intake. [13] Compared with boys, the effects on girls may be greater, given that they have higher rates of obesity (which compromises thermoregulation), and of mental health conditions and mortality during extreme weather events. [14] Similarly, subgroups of adolescents with limited physical or monetary resources to counter the impacts of climate change, such as those living in extreme poverty or with disabilities, may also be at increased risk.
Generally children spend more time outdoors than adults, raising their exposure to solar ultraviolet radiation and their risks for exertional heat injuries in sports. Additionally, about 20% of children aged 7 -17 in SA are engaged in some form of economic activity, producing goods for the 'market' or for their own household. [15] About 17% of these children report working in conditions characterised by 'extreme temperatures and humidity' , which equates to around 400 000 children at considerable risk for dehydration and heat stress during heatwaves. [15] Changes in water quality and availability are principal manifestations of climate change, and have implications for adolescent health. Droughts may threaten water security in schools in SA, where water is often drawn from boreholes or even rivers. Floods, however, can also contaminate water with infectious agents and toxins. Further, safe water for sanitation and hygiene is especially important in SA, since around 30% of schools use pit latrines or have no toilet at all. [16] Most water-and foodborne infections, particu larly those of bacterial aetiology, are heat sensitive, of particular concern among adolescents given that close contact in schools heightens transmission of infections. High temperatures and temperature variations also exacerbate asthma in adolescents, [17, 18] and these associations may be stronger than for other age groups. [19] Dust and pollen increments from climate change, and air pollution in itself, also raise risks for asthma and allergies in adolescents. [20] Importantly, heat raises exposure to environmental toxins, which is worrying as many schools in SA are located near areas with toxic substances, such as heavily trafficked roads, mine dumps and industrial operations.
Climate change and adolescents in South Africa: The role of youth activism and the health sector in safeguarding adolescents' health and education
The indirect effects of climate change also warrant mention. The biological and cognitive development of an adolescent occurs
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Youth-led litigation against the South African government and private sector: A turning point for securing the future health of children?
In recent years, youth across the world have employed litigation as a means of asserting their rights in the climate crisis. [1] In The Netherlands in 2018, for example, the Court of Appeal in the Hague recognised the rights of children to demand that the government reduce national emissions by a specified amount, and also that they have a 'duty of care ... [to future generations] … to prevent hazardous climate change' . [2] In the same year, in a case brought by 25 youth in Colombia, the Supreme Court ordered the Colombian government to take steps to reduce climate change and deforestation, and also ruled that the Colombian Amazon rainforest is 'a subject of rights' that is entitled to 'protection, conservation, maintenance and restoration' . And in 2014, 21 youths in the USA initiated a case alleging that the government's inaction on addressing climate change violated their constitutional rights to life, liberty and property. After 4 years of delays, the US Supreme Court ruled that the case may proceed, [3] despite the country's Department of Justice holding that 'there is no right to a climate system capable of sustaining human life' , among other arguments. [4] While overall climate change litigation has met with mixed success, a case brought by youth in South Africa (SA) may have merit. The country has one of the most progressive constitutions in the world, and, unlike many others, it expressly sets out the right to a healthy environment. Specifically, section 24 of the Constitution could be relied on in its entirety to argue for stronger climate change mitigation measures. It states that:
'Everyone has the right: (a) to an environment that is not harmful to their health or wellbeing; and (b) to have the environment protected, for the benefit of present and future generations, through reasonable legislative and other measures that -(i) prevent pollution and ecological degradation; (ii) promote conservation; and (iii) secure ecologically sustainable development and use of natural resources while promoting justifiable economic and social development. '
Additionally, section 28 sets out the core rights of children and could be used to support arguments based on section 24. Section 28 provides that every child has the right 'to basic nutrition, shelter, basic health care services and social services' , each of which will be progressively eroded by climate change. The section also directs that ' A child's best interests are of paramount importance in every matter concerning the child' . It is indisputable that a healthy environment and stable climate is in the best interests of a child, and the SA government therefore has a duty to respect, protect, promote and fulfil these rights. Key questions underpinning a Constitutional Court challenge include whether the country is meeting its commitments to international climate change treaties, has a reasonable climate change policy in place, and is on track towards a low carbon economy. Claims have already been made against the government that the constitutional right of people in Mpumalanga to clean air is being infringed upon by industry in the province. [5] Could this litigation provide the foundation for future court cases where, for example, young South Africans impel the government to remove barriers to renewable energy production or to use taxation and add warning labels as a means of curbing the intake of ruminant meat? (Fig. 2) .
A case might also be made for imposing civil liability to private sector entities deemed responsible for greenhouse gas emissions, and impelling these companies to set caps on emissions. [1] Legal strategies in such cases could draw on precedents in the asbestos class action suit in SA and tobacco litigation elsewhere. An analagous case -albeit unsuccessful -was brought by Mississippi residents against oil and gas companies for their contribution to the intensity and magnitude of Hurricane Katrina. In this and similar cases, the court judgments expressed concerns about questions of 'allocation of fault -and cost -of global warming' . [1] SA has some of the largest coal-producing companies in the world, companies whose activities, one could plausibly argue, pose major threats to the health of current and future children in the country. Claims may also be made against such companies for non-disclosure of climate-related health risks from their activities, which would include taking reasonable steps to quantify the disease burden that can be attributed to their emissions. Costs of current and future disease burdens could then be explicitly taken into account when decisions are made about whether to invest in brown or green energy sources, and about from whom such costs should be recouped.
Overall, it would seem hard to make an argument that children do not have a fundamental right to justice in a matter as essential as the habitable condition of the planet on which they will live and raise their own children. Quite clearly, South Africans, especially health workers, have a collective responsibility to advance that right. Sadly, it may be necessary for youth in the country to use the courts to remind us of that.
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in the context of their household, school and community: social disruptions, such as food insecurity, damage to infrastructure and migration, can therefore have a major impact on this age group.
Together, these direct and indirect impacts pose mental health risks for ado lescents, including post-traumatic stress disorder, depression, anxiety, sleep disorders and even suicide. [21] [22] [23] Heat exposure can also increase irritability, aggression and violence, [24] a major concern given the rates of physical and sexual violence in schools in SA, both pupil-onpupil and between teacher and pupil. Extreme weather events such as storms, droughts and wildfires have been strongly linked with mental health conditions in adolescents, which commonly persist into adulthood. [25, 26] Recent figures from the United Nations show that globally there is at least one climate change disaster every week. [27] Even if these disasters trigger mental health conditions in a small fraction of adolescents, that translates into a massive disease burden. [28] The mental health and behavioural impacts of climate change are especially pronounced among adolescents who have pre-existing psychological vulnerabilities or resilience deficits. [29] This is highly relevant in SA, where the burden of mental illness among adolescents is among the highest in the world. [30] Early preventive interventions shortly after an extreme weather event, and involving adolescents themselves in disaster risk reduction and recovery, appear important in minimising the occurrence of mental health difficulties. [28] Heat exposure in schools: 'Sick building syndrome'
While the Department of Basic Education mentions environmental factors such as ventilation and the hazards of non-brick structures in its school infrastructure standards, these have not yet been fully actualised. [31] In many schools, classrooms are made out of converted shipping containers or prefabricated sheeting with corrugated iron roofs. Most container classrooms have poor insulation, little natural ventilation and as many as 50 children in a class, who themselves generate a considerable heat load. [32] In one study in Johannesburg, which has a relatively mild climate, temperatures reached as high as 47.5°C in the containers and the large majority of students reported experiencing heat-health symptoms every day, including drowsiness, poor concentration and thirst. [33] These impacts will be even greater in hotter regions of the country, such as Northern Cape and Limpopo provinces. A study in Cameroon had similar findings, with notably higher symptoms among girls than boys. [34] In both studies, the classroom windows and doors were often kept closed. Furthermore, many adolescents live in housing that is poorly resistant to heat. In informal settlements and some formal low-cost housing developments ('RDP' housing), for example, indoor temperature may be 4 -5°C warmer than outdoors, conditions hardly conducive to completing homework, preparing for examinations and quality sleep. [35] A large number of studies have documented the effects of tempera ture on educational performance, which is influenced not only by the temperature on the day of examinations, but by the total cumulative heat exposure over the academic year. [36, 37] In a meta-analysis involving 18 studies, the authors calculated that students in classrooms with an indoor temperature of 30°C scored 20% lower on tests than those in 
classes around 20°C. [37] The performance of adolescents appears to be more heat sensitive than the performance of adults in occupational settings. [38] Nevertheless, teachers exposed to high temperatures may also become lethargic and irritable. [38] There are major equity issues at stake here: adolescents who have attended well-resourced schools with temperatures carefully controlled for optimal concentration will compete for jobs or places at university alongside those who wrote school-leaving examinations in temperatures above 40°C, and were drowsy and probably poorly hydrated. That these examinations are written in the summer months in SA further accentuates these concerns.
In classes with poor ventilation, levels of CO 2 or stuffiness rise together with temperature, and children experience symptoms characteristic of the 'sick building syndrome' . [39] These symptoms affect concentration and student learning, and even school attendance and rates of asthma attacks. [40] [41] [42] [43] [44] [45] [46] Window opening is a key means of removing heat and CO 2 . However, in towns and cities with high pollution levels, such as Witbank, one of the most polluted towns in the world, doing so would increase exposure to outdoor air pollution. Greenhouse gases and other pollutants in themselves have substantial health consequences and are increasingly viewed as 'secondary smoke' exposures for children, no less harmful or unkind than smoking cigarettes in an adolescent's bedroom.
Interventions to reduce heat stress in schools
The interventions proposed below are based on the premise that thermal comfort drives learning, reduces heat-related aggression, and improves comfort and wellbeing for scholars and teachers. These interventions require supportive policy frameworks and efforts by the departments of Health and Basic Education to mainstream climate change adaptation interventions and awareness-raising activities into schools.
Longer-term initiatives to make the built environment more heat resistant are clearly critical, especially replacing containers and prefabricated buildings with brick classrooms. Until that occurs, behavioural and institutional actions could be taken ( Fig. 3 ). [47] Few interventional studies have addressed this topic, however. In one study in Costa Rica, learning outcomes improved after air conditioning was installed in the classrooms. [48] Studies in high-income countries have also shown that the effects of heat on exam performance can be ameliorated by air conditioning [36] and mechanical ventilation. [49] But further research is needed to identify effective interventions other than air conditioning. These could potentially include providing cold water at regular prespecified intervals, use of the ancient Egyptian method of applying damp cloths to the body, which cools as the water evaporates, and improved natural ventilation, which also lowers risks of tuberculosis transmission in schools. [50, 51] Schools could also consider substituting closed shoes with sandals, using light-coloured, loose clothing, and adapting school hours during the hottest seasons, with either earlier starting times or a longer lunchtime break and later finishing hours. Planting trees in school grounds provides shade and cooling, and other health and environmental benefits. A 'cooling room' could be developed in the school, where, for example, fans are installed on the walls, the roofs are painted white, plants are hung on the walls and trees are planted nearby. During extremely hot days pupils could spend time in the cooling room during breaks or after school, and the room could be used for examinations.
One possible study design could involve randomising pupils to write examinations in classes where some of these interventions have been applied and comparing them with pupils in existing classrooms without such interventions. Showing that a few interventions can alter educational outcomes could provide impetus for implementing and scaling up climate adaptation activities in schools.
Implementing these interventions may face challenges, however, as many people view heat only as a nuisance factor or a 'normal' occurrence to be tolerated, rather than as a modifiable risk factor that can influence health and learning. Ideally, interventions need to be co-designed with adolescents, teachers, caregivers and other stakeholders to enhance acceptability and buy-in. For example, while there may be advantages to holding classes outdoors under shading on hot days, outdoor classes have come to symbolise failed school infrastructure in SA, and may be viewed as such, rather than as a heat-reducing measure.
Conclusions
The quality of the school environment and experiences in this setting may set the scene for adolescents' health and wellbeing as adults, and for their capacity to achieve their full potential in life and to contribute to society and national economies. Climate change adaptation in schools may be an under-recognised but important strategy for countering inequities in SA. The pre-existing mental health vulnerabilities of adolescents and challenges in the education sector in SA mean that effects of climate change may threaten the already fragile resilience of adolescents in the country.
Further research is needed to identify which interventions can most effectively reduce the impacts of heat exposure at school, and ensure that fewer adolescents in SA have to contend with 'sick buildings' in their learning environment. As part of this, we need to gauge how much adolescents understand about climate change, cultivate their activism in this field, and document the impacts of heat exposure on learning, mental health and violence in schools.
In SA, adolescents stood up against apartheid. The country now needs its own brand of youth activism that stands up against environmental destruction. Safe guarding schools against the health and education impacts of heat, allied with increasing awareness of climate change, is a good place to start.
